Severe obesity is associated with type 2 diabetes mellitus, and both resolve with weight loss after bariatric operations. Intestinal hormones have been identified which are stimulated by rapid nutrient delivery to the lower small bowel after certain weight-loss operations. These incretins stimulate secretion and hypertrophy of the pancreatic beta cells. Surgical procedures are now being performed to treat diabetes in adults of lesser weight, and the importance of ruling out latent autoimmune diabetes in the adult (a variety of type 1) is suggested, before experimenting with these procedures. Arq Bras Endocrinol Metab. 2009;53(2):246-251.
IntroDuctIon

S
urgery has developed as the most successful treatment for "morbid" obesity (i.e. obesity associated with serious, debilitating and progressive disease) -BMI > 40 kg/m 2 or > 35 with co-morbidities (1). Bariatric operations were initially performed to decrease oral intake or to produce malabsorption, to decrease assimilation of energy (calories) and thereby result in loss of adipose tissue. It was soon realized that the metabolic co-morbidities of massive obesity resolved with weight loss -type 2 diabetes, dyslipidemia, hypertension, atherosclerosis and coronary artery disease, hepatic steatosis and even chronic inflammation. These co-morbidities made up a metabolic syndrome (2), and the most important disease of this syndrome is type 2 diabetes mellitus.
A discussion follows of the anthropologic development of insulin resistance and type 2 diabetes, the effects of the bariatric operations on type 2 diabetes, and some caution in the current trend to treat diabetes in normal-weight individuals by operations. some very complex carbohydrates (3) (4) (5) . This coincides with a diet with a low glycemic index (6,7). These meals were irregular and sometimes infrequent, and when there was a "kill", the entire clan would share the meal. Through natural selection, early man developed "thrifty" genes which conserved energy in times of famine (8).
In the Neolithic period, about 8,000 years ago, in the Fertile Crescent between the Mediterranean and Persian Gulf, farming started with indigenous wild grains (although the Crescent was eventually "overfarmed"). Agriculture likewise commenced in Turkey, Egypt, China and America -wheat, barley, oats, rye, rice, corn. The grains and further crops were ultimately refined. Regular and frequent meals of carbohydrate with a higher glycemic index became available, with frequent stimulation of insulin secretion by the pancreas (4) . Insulin resistance developed with impaired glucose tolerance. This progressed over the centuries to the modern era, where convenient fast-foods containing particularly high levels of simple sugars, accompanied by a sedentary lifestyle, have resulted in the obesity epidemic. The metabolic syndrome, with insulin resistance, type 2 diabetes, and the related disorders are now prevalent. The prior "thrifty" genes now provide susceptibility to obesity.
We now have the increasing incidence of type 2 diabetes. The impaired glucose handling is associated with elevated plasma insulin and a down-regulation of insulin receptors (9). The high levels of circulating insulin inhibit lipolysis and promote lipogenesis.
Glucose processInG followInG operAtIons for morbID obesIty
Immediately following all types of bariatric operations, there is rapid improvement in glucose handling, before there is significant weight loss and often before the patient is even discharged from hospital (10,11). After the old jejuno-ileal bypass (Figure 1 ), the oral glucose tolerance curve was markedly flattened -glucose bypassed its absorptive area in the intestine (12). Immediately after gastric restrictive (Figure 2 ) or gastric bypass (Figures 3, 4 and 5) operations with gastric pouch and stomal edema, the patient is able to consume only 575 ± 146 calories per day at time of discharge from hospital (13-15); this leads to a rapid up-regulation of insulin receptors (16,17) located on cell membranes in muscle and adipose tissue. the cause of the improved glucose processing (20,21). More recently, incretins (intestinal hormones that stimulate postprandial insulin secretion) secreted into the bloodstream because of expedited nutrient arrival in the distal small bowel, have been found to be elevated (22, 23) . The most fascination has been with glucagonlike peptide-1 (GLP-1) secreted into the bloodstream by the L-cells of the hindgut (24-26). GLP-1(7-36) amide has been found to stimulate postprandial insulin secretion by the beta cells and to increase beta-cell mass (as well as delay emptying of the intact stomach) (22). GLP-1 and peptide YY have been associated with improvement of diabetes in those operations that bypass the proximal intestine (27, 28) .
This has led to considerable GLP-1 interest, with a move by bariatric surgeons to treat diabetes in patients with lower BMIs (even below the obesity range) with a bariatric operation that includes bypass of proximal intestine -i.e. the gastric bypass, duodenal switch, and the original biliopancreatic diversion (29-31). The sleeve gastrectomy ( Figure 6 ) has also been found to result in accelerated gastric emptying, with GLP-1 elevation (32). Additionally, those bariatric operations which remove the fundus of the stomach have the benefit of removing the main site of origen of the orexigenic hormone ghrelin (growth hormone releasing hormone) -i.e. removing a site that causes the sensation of hunger in the empty stomach (33). Later, the improved glucose metabolism after gastric restrictive (18) and bypass (19) procedures is associated with the weight loss, and is greater after the bypass operations, which are followed by more rapid and greater decrease in fat mass (10).
After gastric bypasses, endocrine secretion from the bypassed foregut was originally postulated to be figure 6. The sleeve gastrectomy alone (ie. the first part of the duodenal switch operation) has been found to have accelerated emptying of the lesser curvature gastric tube into the small bowel.
This has led to current experimental operations for type 2 diabetes at lower BMIs, by ileal transposition (interposing a segment of the GLP-1-producing lower ileum into the proximal jejunum), to stimulate insulin secretion without weight loss (34,35). Also, operations which empty food promptly into distal bowel and maintain the stomach, are being studied (30,36).
slow type 1 DIAbetes (lAtent AutoImmune DIAbetes In the ADult)
A number of papers submitted to the Obesity Surgery journal regarding treatment of diabetes in adults with lower BMIs by gastric bypass, BPD or ileal interposition, had to be rejected because of inability to provide documentation. The patients had been assumed to have type 2 diabetes, but the presence instead of adult onset of type 1 diabetes had not been investigated.
Latent Autoimmune Diabetes in the Adult (LADA) has been reported to make up 10% of diabetics with onset at age 30 to 55 years. Like type 1 juvenile-onset diabetes, this is an autoimmune disorder, but the autoimmune destruction of the beta cells tends to be slower. It may have onset in adults who have normal weight, overweight or obesity, and tends to progress slowly (37-44). Diabetologists and endocrinologists frequently are not concerned whether this adult-onset diabetes is type 1 or 2, because the treatment is generally the same, and the same complications may ultimately ensue (nephropathy, retinopathy, peripheral neuropathy, cardiovascular disease), although the microangiopathic complications are more typical in type 2 diabetes. The initial treatment for LADA type 1 diabetes has been antidiabetic drugs, which enhance the effect of the remaining endogenous insulin. However, as endogenous insulin decreases, the oral drugs eventually fail and LADA patients must ultimately be placed on exogenous insulin, unlike many type 2 diabetics.
LADA may be diagnosed by islet-cell antibodies and anti-glutamic acid decarboxylase antibodies. Plasma insulin levels in these individuals tend to be low (unlike often found in type 2 diabetics). Thus, the C-peptide level becomes very low, as the pancreas eventually has no beta-cell activity (37, 41, 43) .
Normally, when proinsulin is released from the pancreas into the bloodstream in response to a rise in serum glucose, the proinsulin is split into insulin and C-peptide (connecting peptide) -one C-peptide for each insulin molecule. Patients with LADA (slow type 1 diabetes), with autoimmune destruction of beta cells, are eventually unable to produce insulin, so that their C-peptide levels become very low (often < 0.25 ng/ml, with no response to meal-or glucagon-stimulation).
In type 2 diabetics, C-peptide levels may be above normal or normal. With the insulin resistance and associated lipogenesis and lipotoxicity in type 2 diabetes, cells become "starved" for glucose, signaling a compensatory increase in insulin production; however, this can eventually lead to beta-cell apoptosis, unless treated with diet and hypoglycemic agents.
Early LADA may respond to stimulation by GLP-1. However, as beta cells are progressively and irreversably destroyed, these individuals must be placed on insulin and follow a strict oral intake regimen. If they undergo a gastric restrictive operation, which occasionally can have stomal edema, e.g. after NSAIDs or other irritating drugs, or more importantly, if they undergo a malabsorptive bariatric operation, in which hypertonic sugary liquids (45) or greasy meals precipitate rapid transit, it becomes difficult to standardize their insulin requirements. Thus, although LADA patients may have early satisfactory results after an "anti-diabetic" intestinal operation, the procedure can eventually lead to problems in tight diabetic control.
These "slow" type 1 diabetics do not have hyperinsulinemia and an associated metabolic syndrome. Their diabetic control is monitored by HbA1c determinations. Longstanding elevated plasma glucose in LADA (reflected by elevated HbA1c) will lead to diabetic complications. On the other hand, episodes of hypoglycemia from excess injected insulin can be problematic.
Thus, it is appropriate to differentiate between types 1 and 2 diabetes in the adult when bariatric surgery is being considered, particularly in patients whose BMI is below that of severe obesity. Published papers may have overlooked this feature, and/or have not provided adequate long-term follow-up regarding late insulin dependency (29-31,35,36) .
Glp-1
GLP-1 has an insulinotropic effect on the beta cells and its significance has even been compared to the discovery of insulin. However, in the situation of no endogenous insulin, diabetes is certainly present, whereas in the situation of no GLP-1, diabetes does not seem to occur. In patients with marked Crohn's disease and major resections when I worked under Dr. Leon Ginzburg in New York, and when I followed my own regional enteritis patients and bowel resections from the 1960s to 1990s, extensive ileo-colic (hindgut) resections were not followed by diabetes. Also, when I locally pioneered intravenous hyperalimentation (TPN) and many patients were referred with massive small bowel and right colon resections due to mesenteric vascular occlusion or antithrombin III deficiency, the development of diabetes postoperatively was not a feature. This requires future investigation.
Glp-1 mImetIc
The GLP-1 mimetic, exenatide, has been synthesized (Byetta ® , Amlyn Pharmaceuticals and Lilly, injected as 10 µg subcutaneously twice daily) (46, 47) . In type 2 diabetes with a lower BMI, if a bariatric-type operation is being considered, the GLP-1 mimetic may be tried first (with surveillance), as a test or as treatment to produce a GLP-1 effect on the pancreas, to determine the effect (26,28).
As another tactic, the enzyme dipeptyl peptidase-4 (DPP-4) rapidly inactivates GLP-1; DPP-4 inhibitors (Sitagliptin Vildagliptin), taken orally, are now available (47). 
